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Abstract 

Changes in gibberellin (GAs) activities were determined in tea 
shoots during winter dormancy and subsequent to dormancy 
release. Free GA-like activity was extremely low at the initia- 
tion of dormancy and remained so during the dormancy period. 
Conjugated GA-like activity (ficin hydrolyzable and [3-glucos- 
idase hydrolyzable compounds) remained high during the dor- 
mancy period. With an increase in free GA activity, conjugated 
GA activity decreased in tea shoots prior to dormancy release. 
The possible role of free and conjugated GAs in dormancy and 
following its release is discussed in relation to winter dor- 
mancy in tea shoots. 

Introduction 

Dormancy can be considered as a period of sup- 
pressed/suspended growth of a part or a whole 
plant. This phenomenon is viewed as a mechanism 
for species to survive adverse climatic conditions 
(Juntilla 1988). Because of its basic and applied na- 
ture (Leopold 1996), the regulation of dormancy 
has attracted considerable attention. 

Tea is a perennial plant and, for production of com- 
mercial tea, the apical shoots are harvested several 

times at regular intervals during the period of active 
growth. Winter dormancy is common in all tea 
plants growing above 16 ° N or S latitudes where the 
photoperiod is less than 11 h 15 man during winter, 
with corresponding variations in day and night tem- 
peratures (Barua 1989). Such climatic conditions 
do not exist in the equatorial regions where tea 
plants grow throughout the year. The cessation of 
growth with the onset of winter dormancy and its 
resumption at bud break determines the state of 
growth or dormancy of tea shoots. Although exter- 
nal factors are considered to influence winter dor- 
mancy and its subsequent release, there is compel- 
ling evidence to suggest (Wareing 1977) that induc- 
tion, maintenance and release of dormancy seems 
to be under hormonal control. 

In a previous communication (Nagar 1996), high 
level of free abscisic acid (ABA) and phenols were 
detected in dormant tea shoots, and these decreased 
with dormancy release suggesting that these com- 
pounds could possibly play the main role during 
dormancy periods. Kakkar and Nagar (1997) dis- 
cussed the possible roles of polyamines and other 
growth regulators in relation to winter dormancy in 
tea. Nandi etal. (1995) found GA 3 to be quite effec- 
tive in inducing early bud break in tea. Investiga- 
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tions on the dynamics of endogenous gibberellins 
(GAs) in dormant organs are important for under- 
standing the role of GAs in both dormancy induc- 
tion or maintenance and in dormancy - breaking 
phenomena. In the present study we have analyzed 
free and conjugated GA-like activity in tea shoots 
during winter dormancy and subsequent to its re- 
lease in an attempt to understand the relationship 
between them in this process. 

Materials and methods 

Plant material 

Ten well-established bushes of China hybrid tea 
(Camellia sinensis (L.) O. Kuntze) were selected in 
the Institute's Tea Experimental Farm at Palampur 
(1290 m above msl, 32 ° 6' N, 76 ° 18' E) and from 
these 15 g of shoots were collected at 15 d intervals 
from the onset of dormancy to subsequent bud 
break i.e. from 30 October to 15 April as reported 
earlier (Nagar 1996). 

Extraction and purification o f  GAs 

Each sample of tea shoots (10.0 g Ewt.) was ho- 
mogenized and extracted (3X) with chilled 80% 
methanol (1:3, w/v) containing butylated hydroxy- 
toluene (100 rag.1-1) and the extracted residue was 
then removed. The extract was centrifuged (6,000 
g, 20 min at 5 °C) to remove suspended materials. 
The supernatant was dried in vacuo and taken up in 
0.1 M potassium phosphate buffer (pH 8.0). The 
buffer phase was acidified to pH 3.0 (1:1, v/v) with 
2.0 M HC1 and further extracted with water satu- 
rated ethyl acetate (3X). The ethyl acetate fractions 
were evaporated to dryness in vacuo and dissolved 
in 2.5 ml of the buffer (pH 8.0) for further analysis. 

The acidic fraction was applied to a PVP column 
(20 X 2 cm) and eluted with four bed volumes of 
0.1 M potassium phosphate buffer (Glenn et al. 
1972). The eluate was evaporated to dryness, ad- 
justed to pH 3.0 and extracted (3X) with water - 
saturated ethyl acetate (1:1, v/v). The ethyl acetate 
fractions were pooled, evaporated to .minimum vol- 
ume and loaded on a column (20 X 2 cm.) of char- 
coal:celite (1:2 w/w) for further purification. Ace- 
tone (250 ml) was passed through the column, the 
eluate was evaporated in vacuo to dryness and the 

residue taken up in methanol (HPLC grade) for 
analysis of free GAs. 

HPLC analysis 

For  reverse phase HPLC, the equipment and con- 
figuration was described elsewhere (Nagar 1996). 
The samples were injected into a 20 gl injector loop 
and the elution was carried out with a linear gradi- 
ent of 20-100 % methanol in 30 min at a flow rate of 
1.5 ml-min -1. Column eluates were monitored with 
an online Kontron detector (D 430) set at 215 nm. 
HPLC fractions Were collected each min, dried in 
vacuo and dissolved in methanol. Each HPLC frac- 
tion was bioassayed by the lettuce hypocotyl test 
(Frankland and Wareings 1960) with the following 
modifications. Ten lettuce seedlings (cv. Grand 
Rapids) that germinated for 48 h in darkness at 
24+1 °C, having 0.8-1.0 cm long radicals were se- 
lected. These were placed in each test vessel (2.5 
cm diameter glass vessel) on top of a filter paper 
disc (2.5 cm diameter) containing dried HPLC frac- 
tion and 1.25 ml of glass distlled water. The vials 
were placed under fluorescent lamps (Phillips) with 
an irradiance of 40 W.m -2. Hypocotyl lengths were 
measured to the nearest mm on the third day. The 
bioactive fractions were pooled and GA-like activ- 
ity was estimated in terms of ~tg GA3 equivalent-g-1 
fresh mass. 

Conjugated GAs 

The residue left over after methanol extraction was 
air dried and treated with 1 %  (w/v) ficin (Sigma, 
USA) in 0.1 M (pH 7.2) Tris-HC1 (Jones 1964) to 
yield GA released from peptides and proteins 
termed as ficin hydrolysable form. 

The aqueous fraction left over after ethyl acetate 
partitioning was extracted (3X) with n-butanol 
(1:0.5, v/v) according to Sembdner et al.(1970). 
The solvent was evaporated and the residue dis- 
solved in 0.15 M Na-acetate buffer (pH 5.2) con- 
taining 0.1% (w/v) 13-glucosidase (Sigma, USA) to 
yield GAs conjugated with sugars termed as the 13- 
glucosidase hydrolysable form. 

Both  the enzymatic hydrolyses were separately 
carried out at 37 °C for 15-16 h with occasional 
shaking. The released free GAs were extracted with 
ethyl acetate from the hydrolysed supernatant, 
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Fig. 1. Changes in the levels of free and conjugated GAs activity in tea shoots at 15 days 
intervals from the onset of dormancy (30 October) to subsequent to dormancy release 
(15 April). "dots" - free Gas, "lines" J3-glucosidase hydrolysable and "check" - ficin hy- 
drolysable, conjugates. SE (n=3) for each sampling are given as vertical bars. 

acidified to pH 3.0 with 2.0 M HC1 and purified as 
above. From these, GA-like activity was estimated 
after HPLC as done for free GAs. 

Results 

Changes in the level of free GA-Iike activity as 
well as in the levels of the GA released as a result of 
hydrolysis with ficin and 13-glucosidase during 
winter dormancy and subsequent to its release in tea 
shoots are presented in Fig. 1. With the onset of dor- 
mancy (November onwards), free GA levels were 
extremely low even up to January 30. However, the 
levels increased after this period and reached their 
highest value (4.193 ~g.g-1 fresh mass) on April 15, 
after dormancy release. 

GA~ equ. pg g'~ F.wt. 
5 

Contrary to the very low levels of free 
GA-like activity during dormancy, 

iii conjugated forms of GAs were de- 
iiii:i tected in appreciable amount during 

this  p e r i o d .  In the  ca se  of  13- 
glucosidase-hydrolysable forms (con- 
jugated to sugars), the increase in the 
level was much greater than ficin hy- 
drolysable form (conjugated to pro- 
teins and peptides). The levels of the 
former increased abruptly from De- 
cember 15 and reached their highest 
value on January 15. The level of the 
ficin hydro lysab le  form also in- 
creased, but much more slowly, and 
were comparably low during this peri- 
od. Overall, GA activity of the J3-gluc- 
osidase - hydro lysable  form was 

greater than the ficin hydrolysable form during the 
dormancy period. Both these fractions declined in 
their activity after the middle of February, whereas 
free GA activity increased. 

Total GA activity was maximum subsequent to 
dormancy release (Fig. 2) as represented by all the 
three forms of GAs, but free GA activity predomi- 
nated. Although total GA content was also high 
from December 30 to January 30, it represents 
mainly the ficin and 13-glucosidase- hydrolysable 
forms. 

Discussion 
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Fig. 2. Changes in the total gibberellins activity in tea shoots at [5 days intervals 
from the onset of dormancy to subsequent to dormancy release. S E (n=3) for each 
sampling are given as vertical bars. 

D u r i n g  w i n t e r  d o r m a n c y  shoot  
growth in tea is negligible. Subsequent 
to dormancy release shoot growth 
starts f rom the middle  of March 
(Nandi and Palni 1993), coinciding 
with tea plucking in this area, the peri- 
od during which free GA activity in- 
creased appreciably (Fig. 1). Exoge- 
nous application of GA 3 was quite ef- 
fective in inducing early bud break 
(Nandi et. al. 1995), which supports 
the concept that GAs are involved in 
the dormancy process and its release. It 
is well known that dormancy can be 
broken by application of GAs in many 
plant species (Powell 1987, Luna et at. 
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1990). GA 3 is a known inducer of shoot growth 
and, in certain cases, it has been demonstrated that 
with a decrease in ABA levels during dormancy re- 
lease, gibberellin levels increase (De Bottini et al. 

1982, Talla 1989). ABA plays an important induc- 
tive role in the early stages of dormancy in tea 
shoots and during later stages some kind of promot- 
ing force becomes dominant to override the possi- 
ble effect of ABA (Nagar 1996). The significant in- 
crease in free GA levels (Fig. 1) before dormancy 
release (first week of March) suggests that these 
compounds may be involved in dormancy release 
process. Thus in tea an inverse relationship be- 
tween ABA and free GAs occurs during dormancy 
breaking process. The basic framework of the hor- 
mone theory of dormancy suggests that dormancy 
and its release depend on the interaction between 
naturally-occurring growth inhibiting and growth 
promoting substances. The interaction has often 
been described as a balance between simultane- 
ously occurring growth promotive hormones like 
GAs and cytokinins versus the inhibitory sub- 
stances such as ABA (Luna et al. 1990). 

The decrease in both ficin - and 13- glucosidase hy- 
drolysable GA activity during the later stages of 
dormancy (February onwards) with an increase in 
free GA activity (Fig. 1) is suggestive of their meta- 
bolic interconversions. Conjugation is an important 
part of GA metabolism during all developmental 
plant processes (Schneider and Schllemann 1994) 
and the conjugated GAs, which are considered to be 
storage forms (Lenton and Appleford  1991, 
Schneider et al. 1992) will only be hydrolysed to 
their free pools and utilised as and when required. 
The formation and breakdown of GA conjugates 
presents one possible mechanism which deter- 
mines free GA levels (Schneider and Schllemann 
1994). In the present study a reasonable equiva- 
lence between the increase in activity of free GAs 
and the decrease in the activity of  GA conjugates 
and vice versa indicates that this mechanism may 
be active. The equivalent changes in free and conju- 
gated GAs in Corylus (Arias et al. 1976) and apple 
(Halinska and Lewak 1987) seeds is suggestive of 
the formation and hydrolysis of conjugates in the 
control of physiologically active levels of free GAs. 

The results and interpretations presented in this pa- 
per indicate important and differentiated roles for 

endogenous GAs in the dormancy release phenom- 
ena of tea shoots. The results also indicate the in- 
volvement of a reversible formation of GA conju- 
gates in the determination of free GAs levels. This 
supports the role of  conjugated GAs as a reserve 
form of this important plant growth hormone. 
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